This study analyzes how market imperfections affect land productivity in a degraded low-potential cereal-livestock economy in the Ethiopian highlands. A wide array of variables is used to control for land quality in the analysis. Results of three different selection models were compared with least squares models using the HC3 heteroskedasticity-consistent covariance matrix estimator. Market imperfections in labor and land markets were found to affect land productivity. Land productivity was positively correlated with household male and female labor force per unit of land. Female-headed households achieved much lower land productivity than male-headed households. Old age of household heads was also correlated with lower land productivity. Imperfections in the rental market for oxen appeared to cause overstocking of oxen by some households. Conservation technologies had no significant positive short-run effect on land productivity. The main results were consistent across the different econometric models.
INTRODUCTION

Market imperfections
4 are common in rural markets in developing countries (Hoff et al. 1993; de Janvry et al. 1991 ) and the efficiency implications of market imperfections have been a controversial issue since Marshall claimed that share tenancy was an inefficient institutional arrangement (Cheung 1969; Stiglitz 1974 ). Singh et al. There have been few studies of the efficiency of factor markets in Africa (Udry 1996) . Barrett (1996) , Gavian and Fafchamps (1996) and Collier (1983) found an inverse relationship between farm size and efficiency in Madagascar, Niger and Kenya. Gavian and Fafchamps (1996) found that yields were strongly influenced by the manpower available to farm households in Niger, indicating that marginal returns to land and labor are not equalized across households. Udry (1996) found evidence of imperfections in labor and land markets in Kenya and of imperfections in capital and insurance markets in Burkina Faso. Gavian and Ehui (1999) found in a study in Ethiopia that total factor productivity was lower on rented land but that input intensity was not different on rented land. Other studies of efficiency in agriculture in Ethiopia (Suleiman 1995; Croppenstedt and Mamo 1996; Asfaw and Admassie 1996) have studied the efficiency of each farm, which is different from our focus on whether factors are allocated efficiently across farms. Of the above studies, only Udry (1996) controls for land quality when testing the efficiency of factor markets.
In this study, we test whether factor markets are able to eliminate the potential inefficiencies which may accrue due to unequal distribution of factors in a low potential crop-livestock economy in the Ethiopian highlands where land has been reallocated to ensure equity in land distribution but where other resources, especially livestock, have not been subject to redistribution policies. We use farm plot level data and control for a wide array of plot level land quality characteristics. We assess whether after controlling for prices and plot characteristics, there remains a significant correlation between land productivity and household (resource) characteristics, so that we can test the hypothesis of perfect factor markets. We test the robustness of the results by applying different econometric approaches.
We develop a conceptual framework for the analysis, including some tentative hypotheses, in part 2 of the paper. In part 3 we describe the case study area and data, while the estimation procedures are described in part 4. The results and discussion follow in part 5, leading to a conclusion in part 6.
THEORETICAL MODEL
Our basic hypothesis is that high transaction costs and imperfect information cause market imperfections and non-separability of production and consumption decisions in poor rural economies. With perfect markets and perfect information, land productivity wo uld only be a function of exogenous output and input prices ( pj ), where subscript j refers to outputs and inputs, and land characteristics ( Aq ) : ) , ( Factor market imperfections may reduce land productivity at plot level. We may illustrate this in a simple theoretical model as follows. We assume that crop output ( q ) is a function of land (A) , labor (L) and oxen ( O ) (traction power), q = q(A, L,O) . With one market imperfection, e.g. a missing market for land, the utility maximizing problem of the land user ma y be formulated as follows:
A P
(1)
with the following first order conditions: where P c is the price of the output, P w is the wage rate, and P r is the rental rate for oxen.
In this case we get no inefficiencies and la nd productivity is only a function of exogenous However, if we have imperfections for two of the factors, e.g. missing markets for land and labor, we get inefficiencies if the input ratios vary across farms and the inputs are imperfect substitutes. For example, assume for simplicity that there is low substitutability between these inputs. In the (extreme) case of no substitutability (Leontief production function), one of the fixed inputs will be binding and the marginal return to the other will be zero 5 . There will be a non-utilized portion of the non-binding fixed input (cause of inefficiency). If land is the binding factor for one household, the marginal return to labor will be zero and there will be underemployment, and if family labor is the binding factor for another household, the marginal return to land will be zero and the household will not utilize all its land. In this case, it is easy to show that land productivity at the plot level in a cross-section of households 6 will be a function of the household specific fixed factors:
The household specific fixed factor ratios determine which factor is binding in each household. Econometrically, this may be tested for by using the factor ratio as an
Missing markets is an extreme case of market imperfection. The intermediate case with a price band, some selling, some self-sufficient, and some buying households for each factor may be a more realistic representation of 5 It is not necessary to assume nonsubstitutability. Imperfect substitutability implies that different factor ratios lead to different marginal products and this is sufficient to get inefficiency when markets for these factors are missing. The inverse farm size-yield relationship follows with missing factor markets for land and labor in constant returns to scale production. 6 We assume this is a constant price sample and therefore ignore prices, except the endogenous shadow prices that result from the imperfect markets.
factor markets in Ethiopia where there are rental markets for land and oxen and also a labor market. Price bands reflecting transaction costs may accrue due to search costs and moral hazard (labor markets), immobility of land and transportation costs (land markets), moral hazard and seasonality/timing constraints (oxen rental markets) and so forth. We may illustrate this with an extension of our simple model:
where ∈ i {s, *, b) s denotes households selling the factor, * denotes self-sufficient households, and b denotes households buying the factor. Actual factor use may be as follows:
where A is the operated farm size, A is the owned farm size, and A i is the land rented in or out (negative if rented out), and similarly for the two other factors. The utility maximization problem then becomes:
and yields the following first order condition for the land factor:
The implication of this is that marginal productivity of land for each household depends on whether the household is a seller, self-sufficient, or buyer of the various factor inputs. There is an inverse relationship between resource price and resource demand. If different households face different price ratios, this affects land productivity at the plot level. Empirically, we may test whether land productivity at the plot level is a function of owned farm size, household labor fo rce per unit of land, and owned oxen per unit of land:
If any of these variables are significant, this is a sign of factor market imperfections and significant transaction costs. On the other hand, if these factor endowments are insignificant, this may indicate that factor markets function reasonably well or that factors are in abundant supply for all.
We specify a reduced form productivity function, based on the theory outlined above: ) , a vector of technologies (T q ) applied at plot level, and a vector of household characteristics (Ch) . Implicit in this formulation is the optimal choice of inputs and crops for each plot, given the same market constraints.
Variable input levels are assumed to be endogenous and a function of the same factors as profit in equation (8). Bhalla (1988) and Benjamin (1995) argued that unobservable land quality may explain the frequently observed inverse farm size-productivity relationship. Larger farms tend to be less fertile and therefore also less productive. By including a large number of land quality variables we hope to control for this land quality bias. However, there may still be unobservable land quality factors and if these are correlated with observed explanatory variables, like plot size, we have a omitted variable bias. It may lead to type I error; we may reject the perfect markets hypothesis when it is correct. If this problem is worse on large plots (poorer quality) than on small plots, plot quality will be negatively correlated wit h plot size (Udry 1996) . We have included plot size to attempt to control for this possible bias. Following Udry (1996) we have also subtracted the plot size from the farm size and included the area of other household plots rather than total farm size. This specification eliminates the potential technological explanation (decreasing returns to scale) on a given plot for the inverse relationship.
We may distinguish between profit-maximization in the short run and in the long run and there may sometimes be tradeoffs between the two as short-term profit maximization may undermine long-term profits. This was found to be the case in the study area (Shiferaw and Holden 1998) . In this study we focus on short-term profit maximization decisions as we have data only for short-term land productivity measured in monetary terms. In this short-term perspective it may appear irrational that households decide to leave some plots fallow.
Households may also allocate plots for grazing, grassland, or for tree planting. We were unable to measure the output on these plots. Yet the decision to crop or not to crop (to leave the land fallow, for grazing, grassland, or tree planting) may also be affected by other variables than those determining short-term profits. Tree planting may be very profitable in the long run but not in the short run. Leaving a plot fallow for another year may reduce short-term profits but increase long-term profits. Grass production or using land for grazing may be profitable in the short run also but we were unable to measure this profit. Some households who do not have oxen may fail to cultivate a plot because they lack oxen and fail to rent in oxen. Asymmetric information and transaction costs may also cause them to fail to rent out these plots. These factors may cause a selection bias that may cause a type II error; we fail to reject the perfect factor market hypothesis when it is false. We estimated selection models (censored regression models) to attempt to control for such a potential selection bias.
CASE STUDY AREA, DATA, AND VARIABLE SPECIFICATION
The data were collected from a sample of 102 households in seven villages in a highly degraded crop-livestock farming system in the Ethiopian highlands (Andit Tid, North Shewa, 50-60 km from Debre Berhan). The survey was carried out in 1998. Farm plot level data were collected for 606 farm plots, which included all the plots of the sampled households. Data from 598 plots were used in the analysis. Out of these, 461 plots were cultivated and planted with crops during 1997. The data included biophysical and technology characteristics at the plot level and farm household characteristics at the farm level. We have earlier analyzed data from a 1994 survey in the same area focusing on resource degradation and adoption of conservation technologies (Shiferaw and Holden 1998 ). This study goes further and considers the existence of market imperfections and how they affect the returns to cropping. An overview of the biophysical, technology and household characteristics variables included in the analysis are presented in Table 1 . "Profit" could not be measured directly as prices of non-traded inputs were endogenous and could not be revealed easily. Instead, for each plot the value of gross output minus the cost of purchased inputs was used as the dependent variable.
The fact that cross-section data from a fairly small area were used for the analysis should control for most of the output price variation. Distance from the home to the plots and village dummies were used to control for the remaining local price variation. The village dummies should also control for most of the local climatic variation. The year for which the data were collected had good rainfall and prices were therefore also normal and stable and should not deviate significantly from the expected prices of rational farmers.
To eliminate the potential bias introduced by crop choice and price and input use differences among crops, we also carried out an additional analysis for the dominant crop in the area, barley. We did this analysis for the 270 plots planted with barley. Crop diversity, even if land productivity in monetary terms is significantly different for different crops, may be a sign of market imperfections, causing a subsistence orientation in production. However, this could also be due to agro-climatic differences (which we try to control for) and a deviation between short term and long-term objectives (e.g. crop rotation may reduce short term productivity but enhance long term productivity).
Uninsured production and price risks (limited insurance markets) may also be another important explanation (Barrett 1996) .
Conservation technologies have been introduced in the area through projects. In addition, there exist several traditional conservation techniques. On any plot one could find a mix of externally introduced and traditional technologies. Dummy variables were specified for the existence of each of these at the plot level to control for their influence.
Very few of the plots received fertilizer and credit was not available during the 1997 cropping year in the study site. Fertilizer use is considered very risky at this high elevation and households are therefore reluctant to buy it. Only twenty out of the 598 plots received fertilizer, of which 16 received only DAP and the remaining ones received both DAP and urea. The low number of plots and the fact that there may be a selection bias related to plots selected for fertilizer use makes it impossible to get reliable estimates of the effects of fertilizer on land productivity.
Manure was applied to some of the plots (101 out of 598 plots). We had no good instruments to predict manure use as most variables that could determine its use are already in the model. We ran the regression with and without it. The variable was not significant (Table 4) .
Most land rental arrangements in the area involve share tenancy. Marshallian inefficiency may cause lower input use and lower profit on plots that are sharecropped (Cheung 1969; Stiglitz 1974) . To test for this, dummy variables were included for plots rented in and rented out. Selection bias may, however, invalidate this test. It is therefore necessary to interpret the signs on these dummy variables with care. There were 30 outrented plots and 43 in-rented plots in the sample.
Off-farm income may affect land use decisions and short-term profitability in several ways. Access to off-farm income may provide resources for farming as the liquidity constraint may be relieved. On the other hand, involvement in off-farm activities may take labor away from farming activities if hired labor is an imperfect substitute for family labor and there are significant search and monitoring costs related to hiring of labor. Access to off-farm income may also reduce interest in farming. The effect of access to off-farm income on the profitability of land use is therefore ambiguous. The problem of estimating the effect of off-farm income on land use profitability is that offfarm income may be endogenous and we have no good instruments to estimate it. We expect that many of the variables included in the analysis of land use profitability will also influence the off-farm income of households. Omitting off-farm income from the analysis may also leave us with an omitted variable bias, however. We therefore ran the model with and without the off-farm income variable.
There is a fairly strict gender division of labor in the study area and some farm activities are carried out by men only. We therefore divided the labor force by gender.
Such cultural restrictions reduce the substitutability of male and female labor and the scarcity of one type of labor may cause inefficiency unless the labor market works well.
We also included a dummy variable for sex of household head. Female-headed households face special problems because they usually have insufficient male labor and oxen. Nine out of the 102 households were female headed. They had on average only half the amount of male labor per ha and less than one third the amount of oxen per ha of that of male headed households. Since we are already controlling for these differences, however, then any significant difference due to the sex of household head variable would have to be explained differently, such as by differences in managerial skills.
To control for selection bias we needed to identify some unique variables for the selection equation. Identification requires 7 that at least one continuous variable is unique in the switching equation (Deaton 1997) . We decided to use the following variables as instruments in the selection equation:
1. Fallow 96: land fallowed in the preceding year is likely to be fallowed also the year under study.
2. Legume 96: land planted with legume in the previous year is likely to be cropped this year as the legume is planted to improve the soil for the following crop.
3. TLUsuboxen/ha: tropical livestock units, excluding oxen, (livestock population pressure) may affect the area planted with crops or used for grazing.
4. Oxen/ha: Oxen are important for land cultivation and may contribute to an increase in the probability of cropping when factor markets are imperfect. On the other hand, oxen also require fodder and that increases the probability that plots are left for grazing or grass production.
We cannot rule out that these variables also influence farm productivity directly, but this effect is uncertain.
ESTIMATION PROCEDURE
To test for selection bias in relation to choosing plots for cropping we estimated the following censored sample selection model:
where the dependent variable is determined by the regressors x, an unobservable error term v, and the indicator variable d, which determines whether the dependent variable is censored (plot is not used for cropping) or not. This indicator variable is assumed to be determined by a vector of conditioning variables, z, through a binary choice model:
where 1 [C] denotes an indicator function for the event C (cropping), γ is a vector of unknown coefficients, and ∈ is an unobserved error term. This model may be estimated in several ways. The classical parametric approach has been based on normality assumptions for the error terms: For positive values of ∏ the regression function is:
where the last term is defined as:
where ϕ(⋅) and Φ(⋅) are the density and distribution functions of the standard normal distribution, σ 0 and σ 2 are the two standard deviations, and ρ is the correlation coefficient.
Given normality, the λ function can be represented by the inverse Mills' ratio (IMR) and the remaining parameters estimated using least squares (Heckman 1976 We tested for heteroskedasticity, using the Cook and Weisberg (1983) tests, which showed the presence of heteroskedasticity. We tried linear, log-linear and (reduced 8 ) translog functional forms in an attempt to eliminate the heteroskedasticity problem. We were unable to eliminate these problems. However, the translog functional form gave the lowest X 2 values for heteroskedasticity and was therefore preferred. To handle zero levels of inputs we created dummy variables (=1 for nonusers) and used zeros in the log-transformed data for these rather than setting arbitrary small values that may bias the results.
We tested for normality of error terms using skewness and kurtosis tests as well as the Shapiro-Wilk and Shapiro-Francia tests for normality (Gould and Rogers 1991;
Gould 1991) 9 . The tests showed significant departure from normality. Given the problems of heteroskedasticity and non-normality, we used two alternative models for robust estimation of the selection models to assess the sensitivity of the results to different econometric approaches. To relax the normality assumptions of the Heckman selection model, Deaton (1997) suggested using a polynomial form of the predicted probabilities of the binary choice model, rather than the inverse Mill's ratio from the binary choice model. The polynomial may then be regarded as an approximation to 8 The interaction terms of the translog form were not included as they resulted in severe multicollinearity. 9 This was based on the recommendation of an anonymous reviewer. Normality tests for the censored data may be flawed, however, and cause false rejection of normality. Still the tests may give an indication of non-normality.
whatever the true λ function should be. The prevalence of heteroskedasticity and violation of the normality assumption in this model was controlled for in the least squares models by using the conservative heteroskedasticity-consistent covariance matrix estimation (HCCME) named HC3 (Davidson and MacKinnon 1993) for standard error corrections. This implies that the diagonal elements of the covariance matrix were defined as:
is the t th diagonal element of the "hat" matrix that projects orthogonally onto the space spanned by the columns of X . This method has generally performed well in Monte Carlo experiments and is considered better than the White/sandwich method (Davidson and MacKinnon 1993, p.554).
We also tried a third method for robust estimation of the censored model. This method is called Powell's censored least absolute deviations (CLAD) estimator (Powell 1984 ) and provides consistent parameter estimates. It is considered a desirable alternative due to its robustness to conditional heteroskedasticity and distributional misspecification of the error term (Chen and Khan 2000) . We may write the model as follows:
and take the median conditional on x to get:
denotes the median of the distribution conditional on x and the median of v is assumed to be 0. β ma y be consistently estimated by the parameter vector that minimizes:
Knowledge of the distribution is not required for consistency, and homoskedasticity is not assumed. Median regressions are used repeatedly, first on the total sample and later on a truncated sample. In each iteration observations with negative predicted values are eliminated, until the procedure converges. Standard errors are finally estimated through bootstrapping (resampling households in our case). This approach tends to create larger variances (less efficient) than least squares methods and a fairly large sample size may be required for it to be useful (Deaton 1997 ). In our case we have a sample size of 102 households and this may be fairly small, but at le ast it allows us a comparison with the results of the other estimators.
RESULTS AND DISCUSSION
Our basic hypothesis was that imperfect information and high transaction costs cause factor market imperfections in the type of resource-poor rural economy we have studied. Factor markets are not able to eliminate the inefficiencies due to unequal distribution of factors if this is the case. We tested this by seeing whether land productivity at plot level depended on farm size, household male and female labor force, and owned oxen per unit of land, while controlling for selection bias and land quality.
The results of the probit model, whether to crop or not to crop, are presented in Table 2 . We found that households with better houses (corrugated iron roof), and better educated heads were less likely to use their plots for cropping. Households without offfarm income were more likely to use their plots for cropping while higher off-farm income increased the probability of cropping for households with off-farm income.
Human population pressure (consumer units/ha) increased the probability of cropping.
For households with oxen, more oxen per unit of land reduced significantly the probability of cropping. Households without oxen were less likely to use their plots for cropping but this effect was insignificant. This may indicate an abundance of oxen for households with oxen as oxen do not contribute to increasing the cultivated area but rather demand that more land is used for fodder production. Plots planted with legumes in the previous year were more likely to be cropped and plots fallowed in the previous year were less likely to be cropped. Rented plots were more likely to be cropped. A number of the biophysical and technology characteristics also influenced whether a plot was cropped or not. The persistent significance of many of the household characteristics when controlling for land quality with this wide array of land quality variables, provides evidence of significant market imperfections. The following models provide further evidence.
We present the results of Heckman's selection model (H), Deaton's alternative model (D), and Powell's CLAD estimator (P) in Table 3 and the results of the least squares models in Table 4 . _______________________________________________________________________ Not reported but included: 6 village dummy variables (all models) and 8 soil type dummy variables (D and P models only as Stata failed to solve the Heckman model with all the soil type dummies). The variable athrho is atanh ρ=0.5ln((1+ρ)/(1-ρ)), and ρ is the correlation between the error terms in equations (9) and (10). Lambda refers to λ in equations (11) and (12) and is sometimes called the Inverse Mills Ratio (IMR). The variables p1, p2 and p3 refer to the first, second and third order polynomials from the selection model. A Hausman test for the polynomials failed to reject H0 (equations are independent). The H model indicated that there was significant correlation between the error terms in the two equations (under the assumption of normality). With the D model we did a Hausman test of the model with the three polynomial terms against the model without them. The was no significant effect. We therefore have conflicting evidence of selectivity bias since the H model confirms it and the D model rejects it. There is a risk of type I error, however, that we reject the selection bias hypothesis when it is actually true.
We therefore did the analysis for both the cases to test the robustness of the results. By presenting the results of the three selection model approaches jointly, and by comparing them with the models assuming no selection bias, and judging the consistency of the results, we arrive at conclusions with higher confidence than we can by relying on only one of the approaches.
The sex of household head variable was highly significant (1% level) in all the selection models as well as the least squares models with HCCME (HC3) corrected standard errors. The land productivity was 49-67 % higher on plots operated by maleheaded households than on land operated by female-headed households. The age of household head variable had a negative sign in all models and was significant in four out of the five models (at 5% level in two and 10% level in two). Land productivity is therefore lower on land operated by older household heads. The linear and squared log male household labor variables had positive parameter signs in all models. The linear term was significant in four of the models (5% level in three, 10% level in one). The squared term was significant in four models as well (5% level in one, 10% level in three).
All models had at least one of the terms significant. Also the linear and squared log terms for female labor had positive parameter estimates in all models. The linear terms were significant in three of the models (5% level in one, 10% level in two) while the squared terms were significant in four models (5% level in two, 10% level in two). All models had at least one of the terms significant. This is strong evidence that land productivity is increasing with household male and female labor force, implying that labor and land markets do not operate efficiently. This is similar to what Gavian and Fafchamps (1996) found in Niger.
The farm size variable (lnsubtrarea= farm size -plotsize) had a negative sign but was significant only in one model. There is therefore only very weak evidence of an inverse farm size-productivity relationship. One reason may be the relatively egalitarian land distribution due to the Ethiopian land reform that causes fairly small variation in farm size within communities in Ethiopia. The plot size variable was highly significant and with a negative sign in all models. This may be due to unobservable land quality correlated with plot size as suggested by Udry (1996) . It could also be due to a bias in plot size estimation. We used plot size data based on official local estimates used during land distribution. We have more recent data that indicate that the plot sizes in the area are biased downwards and more so on larger plots in difficult terrain.
Oxen per unit of land were included only in the selection equation in the selection models. In the least squares models the linear as well as the squared log terms had a negative sign but were insignificant. This may indicate that oxen were in abundant supply or that oxen sharing arrangements work well, so that oxen ownership does not affect productivity. Holden and Shiferaw (2000) estimated that on average the oxen in the study area worked at 60% of their capacity in the busiest season.
Farm level population pressure (linear and squared terms of log consumer units/ha) appeared to have a negative effect on land productivity. The parameter estimates of the linear and squared terms were negative in three of the models, while there was one positive and one negative parameter in the other models. Three of the squared terms were significant (negative), two at 5% level and one at 10% level. None of the linear terms were significant. Considering that population pressure increased the probability of cropping, this may imply that population pressure reduces fallowing and this may affect land productivity negatively when we have controlled for the higher labor inputs that also result from higher population pressure. Again, the significance of variation in farm-level population pressure is a sign of market imperfections.
We found no evidence of lower land productivity on rented plots. Land productivity was significantly higher (5% level) on rented in (mainly sharecropped) barley plots. Rented plots were more likely to be cropped and there is a danger of selectivity bias. Nevertheless, the analysis provides no evidence of share-tenancy leading to lower land productivity and sub-optimal input use. The small number of plots being rented in or rented out may indicate significant transaction costs in the rental market for land, however. This appears to contribute to the systematic variation in labor/land ratios across farms that affect land productivity as land and labor are likely complements rather than substitutes, and markets for both function imperfectly.
Monetary land productivity was significantly lower (30-40%) for non-cereal crops than for cereals 10 . The fact that households still preferred to grow these crops may be due to market imperfections causing a subsistence orientation of production, but may also partly be explained by positive crop rotational benefits on land productivity that is not captured in this short-run analysis. It is doubtful that these rotational benefits are larger than the 30-40% lower average land productivity for the non-cereal crops, however, lending support to the market imperfections hypothesis.
Village, household and farm characteristics variables were used to predict offfarm income 11 . We found no significant effect of off-farm income on land productivity.
This in combination with the low level of fertilizer use may indicate that cash scarcity is not the primary constraint to fertilizer adoption.
Introduced conservation technologies did not increase short-term profits and this may be an important explanation why farmers in the area have started to remove these technologies (Shiferaw and Holden 1998) . It is possible though that the positive longterm responses to conservation technologies appear through the positive effect on land productivity from the lower level of degradation.
10 Wheat was the reference crop. Two dummy variables were used, one for barley and one for other crops. 11 These variables were not transformed into logarithmic form. Off-farm income was censored and a twostage approach with a probit model, followed by a least squares model (Deaton's approach), was used.
We present the results of the normality tests for the least squares models in Table   5 . We see that normality holds only in the barley model. The unobservability of error terms in the H model prevents testing for heteroskedasticity and normality in this model but the significance of the heteroskedasticity and non-normality in the least squares models gives reason to be cautious. Overall, the parameter values were not systematically different in the heteroskedasticity-robust D and P models. The main results are consistent and significant for the censored and uncensored least squares models.
CONCLUSIONS
We have used three different selection models and two least squares models with HCCME (HC3) correction of standard errors to test whether there are significant market imperfections affecting land productivity at the farm plot level in a degraded crop- The results indicate clearly that there are significant market imperfections in labor and land markets in the study area and that these imperfections affect plot level land profitability. A wide array of variables has been used to control for land quality that may have caused an overestimation of inefficiencies in other studies (Suleiman 1995; Bhalla 1988; Benjamin 1995) . Household male and female labor per unit of land had a significant positive effect on land productivity, showing that the labor market and the rental market for land do not redistribute these resources efficiently. The econometric analysis provides no evidence of inefficiency in the oxen rental market as the oxen variable is insignificant, but additional data do so. An insignificant resource stock variable is a necessary but not sufficient indicator of efficient resource allocation for this resource. We should therefore be careful and not jump to the conclusion that oxen rental markets are functioning efficiently. There were signs of overstocking of oxen according to Holden and Shiferaw (2000) , the primary source of traction power in the area.
Lumpiness of this factor of production, as a pair of oxen is required for ploughing, and imperfections in the rental market for oxen (Holden and Shiferaw 2000) may explain this inefficiency. Female-headed households faced special problems as their land productivity was much lower than that of male-headed households. Resource poverty and poor substitutability between factors of production may explain this discrepancy. Old age of household heads was also causing lower land productivity. Shiferaw and Holden (1998) found that population pressure created incentives to remove externally introduced conservation structures in the study area. This study reveals no positive land productivity response to these conservation technologies and that land productivity declines with population pressure (consumer units/ha).
Even though land productivity increased with household labor force, we did not find a significant inverse farm size-land productivity relationship 12 , as often has been observed in other studies. The reasons for this may be that farms managed by female headed households are smaller than average and with lower productivity and that population pressure had a negative effect on land productivity. The land redistribution policy in Ethiopia has also caused an egalitarian distribution of land resources, making it more difficult to find a significant inverse farm size-land productivity relationship because of the narrow range of farm sizes.
Policies that can improve the labor market and the rental markets for oxen and land may reduce the inefficiencies we identified in this study. There appears to be little to gain in terms of increased land productivity by continuing the land redistribution 12 We tested this by leaving out the resource endowment variables in the analysis. The farm size variable remained insignificant (with a negative sign) when doing this. 
